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[57] ABSTRACT

A method for preparing a positive photoresist substrate
composite is provided which can be used in the pres-
ence or absence of atmospheric moisture. There is used
a major amount of a commercially available resin, such
as a novolak, a dissolution inhibitor with thermally
labile t-butyl ether or ester groups, and an aryl onium
salt.
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METHOD FOR MAKING A PATTERNED RESIST
SUBSTRATE COMPOSITE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a division of copending application
Ser. No. 07/889,261 filed May 13, 1992, now U.S. Pat.
No. 5,310,619, 1ssued May 10, 1994, which is a continua-
tion of 07/629,054 filed Dec. 14, 1990, now abandoned
which 1s a contmuation of 07/338,346 filed Apr. 12,

1989, now abandoned which is a continuation of

135,963 filed Dec. 21, 1987, now abandoned, and a con-
tinuation-in-part of application Ser. No. 873,914, filed
Jun. 3, 1986, now abandoned.

BACKGROUND OF THE INVENTION

Prior to the present invention, positive photoresists
were generally based on moisture dependent chemistry
utilizing a base polymer such as a novolak resin and a
substituted 1,2-diazonapthoquinone as a dissolution in-
hibitor to render the novolak resin insoluble to develop-
ment by dilute aqueous base, as shown by L. F. Thomp-
son et al., Introduction to Microlithography, A.C.S. Sym-
posium Series 219 American Chemical Society (1983)
page 111. Upon 1rradiation, under moisture containing
ambient conditions, the diazonaphthoquinone under-
goes rearrangement and those portions of the resist
which have received irradiation by image-wise expo-
sure are rendered soluble to dilute aqueous base. While
these photoresists are widely used, they are generally
limited to the near UV above 366 nm based on the
absorption characteristics of the diazonaphthoquinone.
Although the quantum yield of the diazonaphthoqui-
none system is limited to a maximum value of 1.0, that
1s no more than one molecule of photosensitive compo-
sition can react per quanta of actinic light absorbed, its
actual effective quantum yield has a value of only about
0.3.

Another moisture-dependent system utilizing ketals
or acetals as the dissolution inhibitor in combination
with a novolak resin is shown by Smith et al., U.S. Pat.
No. 3,779,778. Smith et al., employs a photolyzable acid
progenitor such as a chlorine substituted triazene,
which, upon exposure to actinic irradiation, generates

an acidic material which can catalyze the hydrolysis of

the dissolution inhibitor.

Even though moisture-dependent positive photore-
sists systems are used extensively in the manufacture of
high density electronic circuits, the successful imple-
mentation of such microlithographic processing re-
quires a constant monitoring of the ambient atmo-
spheric moisture to maintain a sufficient concentration
of the water vapor needed to allow chemistry inherent
in the reactions to proceed satisfactorily. For example,
as shown by J. Pacansky et al., Photochemical Decompo-
sition Mechanisms for AZ-type Photoresists, .B.M., J.
Res. Develop. 23, No. 1 (January 1979) pages 42-54,
and particularly page 50, the importance of water is
illustrated 1n the proper functioning of the orthonaph-
thoquinone diazide. In instances where the naph-
thoquinonediazide i1s photolyzed in the absence of wa-
ter, the intermediate ketene reacts rapidly with the
novolak resin to form a carboxylic acid ester which can
lead to negative tone images. However, irradiation in
the presence of ambient water results in the production
of a 3-indene carboxylic acid which can be solubilized
as the salt in the basic developer. As discussed by J.
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March i Advanced Organic Chemistry, Reaction
Mechanisms and Structures, McGraw Hill Book Co.,
New York, Second Edition (1977) pages 345, acetals,
ketals and orthoesters are readily cleaved by dilute
aqueous acids.

As a result of moisture dependency, severe photo-
lithographic problems can arise in particular situations,
if moisture dependent positive photoresists are used
under moisture free conditions. It has been found, for
example, that if a moisture dependent positive photore-
sist 1s used with a Model 1100 wafer-stepper of the
Ultratek Company of Santa Clara, Calif., or the Model
946SOR wafer-stepper of the Aste Company of-Wood-
lawn Hills, Calif., a serious problems can arise in the
fabrication of high density electronic circuits. The
atore-mentioned mstruments require a constant stream
of a dry inert gas, between the lens and the surface of
the photoresist in order to properly gauge the distance
between the lens and the photoresist surface. As a re-
sult, it has been found that the speed of a moisture de-
pendent photoresist can be impaired or rendered inop-
erable depending upon the period of time the wafer-
stepper 1s used.

Recently, as shown by Ito et al.,, U.S. Pat. No.
4,491,628, Crivello, U.S. Pat. No. 4,500,724, and Narano
et al.,, U.S. Pat. No. 4,663,269, incorporated herein by
reference, chemically amplified positive photoresists
systems utilizing acid generating onium salts have been
developed, using t-butylester or t-butylether substituted
materials which do not require the presence of moisture
to function. As is well-known to those skilled in the art,
such acid catalyzed cleavage of t-butylesters or t-
butylethers result in an elimination reaction and the
production of 1sobutylene and the corresponding acid
or phenol. Accordingly, positive photoresists, such as
Crivello, Ito etal., or Narano etal., can be readily em-
ployed either under substantially anhydrous conditions,
if desired, or, optionally, under atmospheric or ambient
conditions 1n a conventional manner. These t-butylester
or t-butylether substituted polymers can be used 1n com-
bination with an arylonium salt which generate a strong
acid upon 1rradiation. These positive photoresists, hav-
ing acid labile t-butylester or t-butylether groups, must
be heated to deblock the acid labile groups. The de-
blocked portions of the polymer are rendered soluble in
aqueous base, or msoluble in an organic solvent.

Even though the positive photoresists of Crivello, Ito
et al., or Narano et al. can be utilized in the substantial
absence, or optionally in the presence of moisture, these
thermally deblocked photoresist systems require the use
of special polymers. These special polymers having
pendant t-butylester or t-butylether groups, or such
groups along the polymer backbone, are at present not
commercially available and therefore economically
unattractive.

An object of the present invention, therefore, i1s to
provide a positive photoresist system which can be used
either in the substantial absence, or in the presence of
moisture.

A further object of the present invention 1s to provide
a positive photoresist system which incorporates at least
a major amount by weight of a commercially available
organic resin.

An additional object of the present invention 1s to
provide a positive photoresist system-which uses an
effective amount of an arylonium salt which photo
decomposes to a Bronsted acid.
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The present invention is based on the discovery that
commercially available novolak resins can be heated
under particular conditions in the presence of a strong
acid, such as an acid having a pKa of less than 0, with-
out a significant degree of cross-linking occurring in the
novolak. This result is quite surprising since, as taught
by David Gould, Phenolic Resins, Reinhold Publishing
Company, New York (1959) page 32, novolaks are
unstable at elevated temperatures in the presence of a
strong acid. This is confirmed by Newman, U.S. Pat.
No. 4,708,925, which shows that crosslinking of a novo-
lak can occur if heated in the presence of a Bronsted
acid generated by an irradiated arylonium salt. A nega-
tive, instead of positive, image can be formed. Negative-
tone images in novolak resin systems resulting from
acid-catalyzed thermally activated reaction are also
discussed in SPIE, Vol. 771, “Advances in Resist Tech-
nology and Processing”, IV (1987) p.321.

Unexpectedly, we have discovered that a novolak
resin can be heated in the presence of a strong acid as
previously defined without a significant degree of cross-
linking occurring in the novolak, if it is heated i1n the
presence of a simple compound, as defined hereinatfter,
having a molecular weight: of less than 1000 and ther-
mally labile t-butylester or t-butylether groups. Simple
compound deblocking occurs in the presence or ab-
sence of moisture. Upon deblocking, the simple com-
pound and the novolak resin becomes soluble in aque-
ous base. The novolak resin does not cross-link to a
significant degree, even though it is heated in the pres-
ence of a strong acid during deblocking. Accordingly,
there is provided by the present invention, a positive
photoresist which can be photopatterned in the pres-
ence or absence of water. The positive photoresist com-
prises a combination of a water or aqueous base insolu-
ble simple compound having acid labile groups, such as
t-butylester or t-butylether groups, a major amount by
weight of an aqueous base soluble organic polymer,
such as a commercially available novolak resin, and an
arylonium salt.

STATEMENT OF THE INVENTION

A positive photoresist photopatternable 1 the pres-
ence or in the substantial absence of moisture compris-
ing,

(A) a water or aqueous base soluble phenolic resin,

(B) from at least about 10% to up to an equal propor-

tion by weight of (A), of a water or aqueous base
insoluble simple compound having a MW of less
than 1000 which is a dissolution inhibitor for (A),
and

(C) an effective amount of an aryl onium salt which

generates a strong acid having a pKa value of less
than O upon being irradiated,
where (B) 1s substituted with acid labile groups which
can be deblocked by being heated in the presence of a
strong acid, thereupon rendering both (A) and (B) solu-
ble 1n water or aqueous base.

Some of the water or aqueous base soluble phenolic
resins which can be utilized in the practice of the pres-
ent invention to make the above described resist compo-
sitions, are, for example: phenol novolak resins, cresol
novolak resins, chlorophenol novolak resins, 4-hydrox-
yphenylmaleimide copolymerized with a member se-
lected from styrene, stilbene, vinyl ethers, and 4-
hydroxy styrene, and polymers such as poly-4-vinyl-
phenol, and poly-4-hydroxy-a-methylstyrene.
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Among the acid labile group substituted simple com-
pounds, or dissolution inhibitors referred to hereinafter
as “inhibitor” which can be utilized in the practice of
the present invention to make the water or aqueous base
soluble resists are, for example:

CO,—C(CH3)3,

(CH3)3C—0;C

CO2—C(CH3y)3,

COy—C(CH3)3

©

O—C(CH3)3,

:
©)

(CH3)3C—0,C

©)

O
|

COy,—C(CH3)3

v

CO— (|:H_ CHj3;,
CeHjs

g

0
I
(CH3)3C—0Q=C=—(CH>)4—C—0—C(CH3)3

(CH3)3;C—O C(CHz)2 O—C(CH3)3,

©

O—C(CH3)3

5
@)

(CH3)3;C—O O—C(CH3)3,

(CH3)3;C— 0‘@ O—C(CH3)3

:
©)

(ll(CH3)3
O
: : “/: : CO—C(CH3)3
]
C(CHs3)3
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-continued
COy=C(CHz3)3 CO3—C(CH3)3

CO»—C(CHj)3

CO»—C(CHa3)s

a0 O

OCO;~C(CHj3)s

COy—C(CH3);

(CH3):C—02 C@

C¢H 5(CH3)2C“02C© CO;—C(CHj3);C¢H5
(CHS)BC“"OZC@

COx—C(CH3)3

CO,CH—~—CgHs 0OSi—C(CH3)3

@@_OOO_E@,
O_C«;Hs)s

“,: : OCO2=C(CH3)3
“/: C O—C(CHa)3
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-continued

CO—C(CHa3)3,

L
-
¥

CO;—C(CHj)s.

L]
*x
"..

Preferably, the inhibitors of the present invention
have a molecular weight of less than about 1000. They
have acid labile pendant groups which are preferably
tert-butyl esters of carboxylic acid, tert-butyl carbon-
ates of phenols and t-butylethers of phenols. In addition,
these acid labile groups can be trityl, benzyl, benzydryl
as well as other modifications illustrated in the inhibi-
tors above.

Radiation decomposable initiators which can be ufi-
lized in the practice of the present invention to generate
acid upon exposure referred to hereinafter as the “initia-
tor” are, for example: triarylsulfonium salts, diaryl-
chloronium salts, diarylbromonium salts, triaryl-
selenonium salts, thiopyrylium salts, xanthylium salts,
imidazolium salts, dialkylphenacylsulfonium salts, dia-
kylhydroxyphenylsulfonium salts, ferrocenium salts,
diazonium salts, triarylsulfoxonium salts, diaryliodox-
onium salts, phenacyltriarylphonium salts, phenacyl-
trialkylammonium salts, phenacylpyridinium salts. Fur-
ther examples are shown by H. J. Timpe and H. Bau-
mann, Adhesion 9, 9 (1984) and Crivello patents U.S.
Pat. No.s 4,058,440; 4,058,401; 4,069,055; and 4,151, 175;
assigned to the same assignee as the present invention
and incorporated herein by reference.

The following constitute some additional examples of
onium Ssalts:

1+SbFg—,

I+PF¢—,

S+SbF¢~
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-continued -continued
+ +
; S S S
S
S 2 2
AsFg— PEFg— PF¢—
Et\
10 N N, +PFg—,
/
Et
CH30 I+ ?
15 (CH3)3C I+CF3S03™,
CF3S0;—
2
' [CsHsFe+CgHs]PFg—.
_[_
S BF4— 20 Th .- : :
e compositions can be made by blending organic
| solvent, polymer, inhibitor, and the irradiation decom-
posable imitiator.
In forming the resist composition, the order of addi-
55 tion of the various ingredients is not critical. It has been
C(CH3)3 found that effective results can be achieved if there is

S*+Cl0O4—,
30
3
( Se+PF¢—, 35
3
O CHj3
d e~
- 27 4 40
AN
CHj;
OH
CH3 CH
\,@ 3 45
S+ SbFg—
/7 \
CH; CH3 S0
+
S S
55
2 .
SbEFg™
+
[ I0 PF¢—, 60
2
+
[ SO BFsi— 6>
3

utilized from about 10 to about 100 parts of inhibitor
and 0.5 part to about 25 parts of initiator, per hundred
parts of the polymer by weight. Preferably, there can be
used from 10 to 70 parts of inhibitor, per hundred parts
of polymer and 1 to 20 parts of initiator, per hundred
parts of polymer by weight.

There are included in the term organic solvent which
hereinafter means an organic solvent or mixture of or-
ganic solvents, which can be utilized in the practice of
the present invention to make the resist composition,
solvents such as 1,2-dimethoxy ethane, di(2-methoxy
ethylDether, 1-methoxy-2-propyl acetate, chloroben-
zene, 1,1,2,2-tetrachloroethane, 1-methoxy-2-ethyl ace-
tate, dioxane, methylisobutyl ketone, cyclohexanone,
n-butanol, ethylene glycol, propylene glycol, amylace-
tate, and butylacetate.

There 1s further provided by the present invention, a
method for making a patterned resist on a substrate,
which comprises:

(1) treating, which means spin coating, spraying,
solution casting or dip coating, the substrate with
the resist composition of the present invention to
produce a resist-substrate composite,

(2) baking the resist-substrate composite to a tempera-

~ ture in the range of from about 35° C. to 180° C.,

(3) irradiating the applied resist 1n a patterned man-
ner,

(4) heating the irradiated resist to a temperature 1n the
range of from about 35° C. to 185" C,, and

(5) developing the irradiated resist to produce a pat-
terned resist substrate composite.

Among the substrates which can be treated in accor-
dance with the practice of the method of the present
invention to make resist-substrate composites are cop-
per clad laminates, silicon wafers, silicon dioxide wa-
fers, aluminum and gallium arsenide.

Some of the developers which can be used in the
practice of the method of the invention are aqueous base
solutions, e.g. aqueous solutions of NaOH, KOH, and
tetrabutylammonium hydroxide. Typical developers
are made by the Shipley Company of Newton, Mass.-
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:Hunt Company of East Providence, R.I.; and K'TI
Company of Wallingford, Conn.

It has been further found that the afore-described
onium salts or initiators can be used in combinator with

various photosensitizers to enhance the absorption of a 5

given wavelength of light or sensitive the ontum sait to
a region of a spectrum where it does not absorb. Typical
sensitizers which can be used in combination with the
afore-described initiators or mixtures thereof are, for
example: benzophenone, 2-chlorothioxanthone, an-
throne, 9-ethoxyanthracene, benzil, acridine orange,
benzoflavin, setoflavin-T, anthraquinone, 9,10-
diphenylanthracene, 9-fluorenone, benzophenone, and
coronene.

The above-described sensitizers aiso can be used in
combination with the initiators utilized in the practice
of the present invention to modify the response of the
photoresist under electron beam and X-ray irradiation.

Some of the resist applications contemplated for the
resist compositions of the present invention are, for
example, manufacture of circuit boards, integrated cir-
cuits, multilayer resist structures, e.g. in combination
with polymethylmethacrylate contrast enhancement
layers, and the like. There also can be used in the resist
composition of the present invention, flow control
agents, surface active agents, anti-reflection dyes and
wetting agents.

In order that those skilled in the art will be better able
to practice the present invention, the following exam-

10

15

20

23

ples are given by way of illustration and not by way of 3,

limitation. All parts are by weight.
EXAMPLE 1

Photoresist compositions were prepared utilizing 1.5
g of various commercially avaiiable phenolic resins, 0.5
g of di-t-butylterephthalate, 0.1 g of diphenyl-4-thio-
phenoxyphenylsulfonium hexaflucrophosphate, and 6
ml. of 1-methoxy-2-propyl acetate. The various photo-
resist compositions were spin coated onto silicon wafers
which had been previously treated with hexamethyldi-
silazane. The treated wafers were then baked for 4 hour
at 90° C. The wafers were then exposed to imagewise
irradiation using a Suss MA 56 Contact/Proximity
Printer operated in the proximity mode at 313 nm, using

35

an exposure time of 10-40 seconds with an intensity of ,.

4.5 mW/Cm?2. After exposure, the wafers were heated
in a forced air oven for a period of 60 seconds at

110°-130° C. and then developed using a mixture of

water and KT1 351 Developer. The following lists the
commercially available resins utilized “Phenolic resin”
along with the development mixture and type of devel-
opment:

MFG Phenolic Resin Water/Dev
Schenectady Chemical cresol novolak 1:1
HRJ 2606

Maruzen Oil Resin M poly(vinyiphenol) 5:1
Molecular Rearrange- t-butylphenol novolak 5:1

ments, Inc.

EXAMPLE 2

Dissolution inhibitor, t-butylnaphthalene-2-carboxy-
late was prepared as follows:

A mixture of 51.6 g (0.3 mole) of 2-naphthoic acid,
and 120 ml of thionylchloride was refluxed for one
hour. Excess thionylchloride was removed. The result-
ing solid was dissolved in 150 mL of tetrahydrofurane

50

33
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and 40 grams (0.35 mole) of potassium t-butoxide was
added 1n increments. After the addition had been com-
pleted, the reaction mixture was refluxed for four hours,
cooled, and then poured into water. The resulting solid
was collected by filtration, washed with water and
dried in vacuo. The product was recrystallized from
n-hexane to produce a crystalline solid having a melting
point of 88°-90° C. Based on method of preparation, the
product was t-butylnaphthalene-2-carboxylate, which
was obtained in a vield of 68%.

A photoresist composition was prepared in accor-
dance with the procedure of Example 1, utilizing 1.5 g
of cresol novolak resin, 0.5 g of t-butyl naphthalene-2-
carboxylate, 0.1 g of diphenyl-4-thiophenoxyphenylsul-
fonium hexafluorophosphate, and 6 mL of 1-methoxy-2-
propyl acetate. Coated silicon wafers prepared 1n accor-
dance with the procedure of Example 1 provided excel-
lent positive images with well resolved 3.5 micrometers
features after imagewise exposure to UV light utilizing
a 15-40 second irradiation time followed by a 30-60
second bake at 120° C. and an immersion into a 1:1
mixture of waer and KTI 350.

EXAMPLE 3

Additional photoresist compositions were prepared
utilizing commercially available cresol novolak resin
with di-t-butylterephthalate or t-butylnaphthalene-2car-
boxylate. In preparing the photoresist using di-t-butyl-
terephthalate dissolution inhibitor, there were utilized
1.5 g of meta cresol novolak resin, 0.5 g of inhibitor, 0.1
g of 4-methoxyphenylphenyliodonium trifluorometh-
anesulfonate, and 0.03 g of 9-fluorenone, a photosensi-
tizer.

The photoresist ufilizing t-butylnaphthalene-2-car-
boxylate was combined with 1.5 g of the cresol novolak
resin, 0.5 g of the inhibitor, 0.1 g 4-methoxyphenyl-
phenyliodonium trifluoromethanesulfonate, 0.01 g of
perylene photosensitizer, and 6 mlL of 1-methoxy-2-pro-
pyl acetate.

The above photoresist compositions were then spin
coated onto siicon wafers in accordance with the proce-
dure of Example 1. A photoresist composition contain-
ing the di-t-butylterephthalate inhibitor and the 9-
fluorenone photosensitizer was irradiated for five sec-
onds at 313 nm, while the photoresist composition con-
taining the t-butylnaphthalene-2-carboxylate and the
perylene sensitizer was irradiated for 5 seconds at 365
nm (6.3 mW/cm?) and 405-436 nm (8.1 mW/cm?). The
following Table combines the inhibitors, photosensitiz-
ers and wave lengths which were used:

Inhibitor Photosensitizer UVA (nm)
di-t-butyl g-fluorenone 313
terephthalate

t-butylnaphthalene-2- pervlene 405436
carboxylate 365

The resists were processed in KTI 351 developer
under the conditions described above, and 1 um fea-
tures were resolved.

EXAMPLE 4

Dissolution inhibitor t-butyl-2-naphthyl carbonate
was prepared by the following procedure:

There were added 3.9 g (0.035 mole) of potassium-t-
butoxide to a solution of 5 g (0.35 mole) of 2-naphthol in
90 mL of tetrahydrofuran under a nitrogen atmosphere.
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The mixture was stirred for 5 minutes and 8.3 g (0.035
mole) of di-t-butyldicarbonate was added. The mixture
was stirred for 2 hours. The mixture was then poured
into ice water and extracted twice with ethylacetate.
The combined organic layers were washed three times
with water followed by a saturated sodium chloride
solution and then dried over anhydrous sodium suliate.
The mixture was then concentrated using a rotary evap-
orator. A crystalline solid was obtained and recrystal-
lized from petroleum ether and then dried in vacuo.
There was obtained 65% yield of t-butylnaphthyl car-
bonate having a melting point of 74°-75° C.

A photoresist composition was prepared following
the procedure of Example 1 utilizing 1.2 g of commer-
cially available cresol novolak resin, 0.8 g of t-butyl-2-
naphthylcarbonate, 0.g of diphenyl-4 -thiophenoxy-
phenylsulfoniumhexafluorophosphate and 6 mL of 1-
methoxy-2-propylacetate. Wafers were spin coated and
exposed for 2040 seconds as described in Example 1
and baked at 125° C. for 30-60 seconds. There were
obtained clear 2 micrometer lines and spaces after the
photoresist was developed for one minute 1n a 1:2.5
mixture-of KTI 351 and water.

EXAMPLE 5

A photoresist composition was prepared in accor-
dance with the procedure of Example 1 utilizing 1.2 g
cresol novolak resin, 0.8 g 4-t-butoxy-p-biphenyl, 0.1 g
diphenyl-4-thiophenoxy-l-phenyl sulfonium hexafluoro-
phosphate and 6 mlL 1-methoxy-2-propy! acetate.
Cleared 3 um lines and spaces were obtained by expos-
ing coated wafers to 313 nm UV for 20-40 seconds, a
30-60 second bake at 125° C. and immersion in a 1:1
solution of KTI351 and water.

EXAMPLE 6

A photoresist composition was prepared utilizing 1.5
g of commercially available cresol novolak resin, 500
mg of t-butyl-lH-indene-3-carboxylate, 100 mg of
diphenyl-4-thiophenoxyphenylsulfonium  hexafluoro-
phosphate and 6 mL of 1-methoxy-2-propylacetate. The
photoresist was spin coated and irradiated as described
in Example 1. There was obtained clear 2.5 micron lines

and spaces with irradiation at 313 nm for 15-20 seconds,

a 30-60 second bake at 125° C. and a development for
one minute in a 1:1 solution of KTI 351 developer and
water.

EXAMPLE 7

Photoresist compositions were prepared utilizing
commercially available .cresol novolak, t-butyladaman-
tane-1-carboxylate, and various inifiators and 1-
methoxy-2-propylacetate. One of the photoresist com-
positions was made by blending together 1.5 g cresol
novolak, 500 mg of t-butyladamantane-1-carboxylate,
100 mg of diphenyl-4-thiophenoxyphenylsulfonium
hexafluorophosphate and 6 mL of 1-methoxy-2-propy-
lacetate. Another photoresist formulation utilized 1.5 g
of the cresol novolak resin, 500 mg of the inhibitor, 110
mg of 4-methoxyphenylphenyliodonium hexafluoro-
phosphate, and 6 mL of 1-methoxy-2-propylacetate.
The various photoresist compositions were applied to
silicon wafers as previously described and subjected to
imagewise exposure at 313 nm for 10-15 seconds and at
254 nm for 2-3 sec at 5.22 mW/cm?. The resists were
postbaked 30-60 sec at 130° C. and developed with a 1:1
mixture of KTI 351 and water. There were resolved 3
um features from the sulfonium containing photoresist
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and 2.5 micron features from the iodonium containing
photoresist.

EXAMPLE 38

A photoresist composition consisting of 1.5 g cresol
novolak resin (Schenectady Chemicals HRJ 2606), 500
mg di-t-butyladipate, 100 mg 4-methoxyphenylphenyli-
odonium hexafluorophosphate and 6 mL 1-methoxy-2-
propyl acetate was spin coated onto silicon wafers
which had been previously treated with hexamethyldi-
silazane and baked. A film coating of 2 micrometers was
obtained. The photoresist coatings were exposed for
4-5 seconds using a Suss MAS56 Contact/Proximity
Printer operated in the proximity mode at 254 nm with
an intensity of 5.22 mW/cm? After exposure the wafers
were postbaked for 30-60 seconds at 130° C., then de-
veloped for 60 seconds in a 1:1 mixture of K'TT 351 and
water. Cleared well-imaged patterns were obtained
having 3.5 pm lines and spaces. cit EXAMPLE 9

There was dissolved 3 g of the cresol novolak resin of
Example 8 in 10 ml. methyl ethyl ketone. There were
added to the resulting solution, 1 g t-butyl-2-naphtha-
lene carboxylate, 0.02 g perylene and 0.2 g 4-methoxy-
phenylphenyliodonium trifluoromethanesulfonate. The
mixture was coated onto a copper-clad epoxy-glass
circuit board and dried to remove the solvent. The
dried circuit board was covered with a Mylar resin
photographic negative. A GE H-3T7 medium pressure
mercury arc lamp ballasted at 800 W was used to irradi-
ate the negative for 30 seconds at a distance of 8 inches.
Following imaging, the circuit board was baked for 3
minutes at 100° C. and then developed in a 1:1 mixture
of K'TT 351 and water. The pattern was then etched into
the circuit board using an aqueous ferric chloride solu-
tion giving a clear positive image of the mask.

EXAMPLE 10

A photoresist (Formulation A) was prepared by mix-
ing 1.5 g of Schenectady Chemicals HRJ-2606 novolak
resin, 500 mg of t-butyl naphthalene carboxylate, 100
mg of 4-thiophenoxyphenyl diphenyl sulfonium hexa-
fluorophosphate, and 7 mil of 1-methoxy-2-propyl ace-
tate. A second photoresist (Formulation B) was pre-
pared by combining 1.5 g of Schenectady Chemicals
HRYJ 2606 novolak resin, 100 mg of 4-thiophenoxyphe-
nyl diphenyl sulfonium hexafluorophosphate, and 7 ml
of 1-methoxy-2-propyl acetate. Once they were homo-
geneous both formulations were filtered and then spin-
coated onto silicon wafers which had previously been
treated with hexamethyldisilazane to promote adhesion.
The coated wafers were baked in a convection oven at
100° C. for 25 minutes and then imaged using a GE
H3T7 medium pressure mercury arc lamp. The coated
wafers were exposed for 15 sec at a distance of approxi-
mately four inches. The wafers were then immersed in
a 1:1 mixture of AZ-351 Developer and water. The
times for the films to just clear to the substrate were
determined. The wafers also were baked at 125° C. for
50 sec after the 15 sec exposure and prior to develop-
ment. Once again, the times to clear in 1:1AZ-351 water
were measured. The following results were obtained:

Postbake Formulation A Formulation B
yes 15 sec 35 sec
no 80 sec 9 sec
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The above results show that Formulation B develops
more slowly when a postbake i1s used which is consis-
tent with the teaching of Newman U.S. Pat. No.
4,708,925. In addition, Formulation A requires a post-
bake to work well. These results show that the dissolu-
tion inhibitor protects the novolak during a postbake
with onium salt.

EXAMPLE 11

A solution of 5 g (10 mmol) triformyl cholic acid, 1.04
mL (11 mmol) t-butyl aicohol, 2.3 g (11 mmol) dicyclo-
hexylcarbodiimide, and 150 mg (1 mmol) 4-pyr-
rolidinopyridine in 25 mL dichloromethane was al-
lowed to stand under nitrogen at room temperature for
four days. At this time, the reaction mixture was diluted
with ether and filtered to remove dicyclohexylurea.
The filtrate was then washed with water, 5% HCI,
water, and brine, and then dried over anhydrous sodium
sulfate. After concentrating under reduced pressure, the
crude product was purified by column chromatography
over silica gel using a 3:1 mixture of cyclohexane and
ethyl acetate as eluent to give 5.3 g (9.7 mmol) of t-butyl
triformyl cholate as a glassy white sold.
[mp=136-137C; H NMR (90 MHz, CDCl3) 61.77 (s,
3H, Me), 1.83 (d, J=7 Hz, 3H, Me), 1.95 (s, 3H, Me),
1.1-2.4 (m, 24H), 1.5 (s, 9H, t-Bu), 3.52-4.35 (m, 3H,
CH-0), 8.0 (s, 1H, CHO), 8.1 (s, 1H, CHO), 8.17 (s, 1H,
CHO)].

The following components were combined and fil-
tered to form a photoresist formulation: 1.6 g cresol
novolak (Schenectady Chemicals HRJ 2606), 400 mg of
t-butyl triformylcholate, 80 mg 4-methoxyphenyl
phenyl iodonium hexafluorophosphate, and 8§ mL of
I-methoxy-2-propyl acetate. The resulting solution was
spun onto silicon wafers which had previously been
treated with hexamethyldisilazane to promote adhesion.
After spinning, the wafers were baked at 90" C. for 30
min and then imaged using a Suss MA-56 Proximity/-
Contact Printer operated in the proximity mode at 250
nm (4.6 mW/cm?). Exposures of 3-5 seconds followed
by a postbake of 60 sac at 130° C. and development with
a 1:1 mixture of KTI 351 Developer (KTI Corporation)
and water gave cleared positive tone images of the
mask.

EXAMPLE 12

2.1 g (3.8 mmol) of t-butyltriformyl cholate of Exam-
ple 11 was dissolved in 25 mL of methanol and 2.5 g (18
mmol) of potassium carbonate and 4 mL of water were
added. After stirring for 1.5 hours at room temperature,
the reaction mixture was concentrated under reduced
pressure, and the residue thus obtained was diluted with
dichloromethane. Water was added and the result was
transferred to a separatory funnel where the lower or-
ganic layer was drawn off and then dried over anhy-
drous sodium sulfate. Concentration under reduced
pressure gave 1.4 g (3 mmol) of t-butyl cholate as an
off-white solid which could be further purified by col-
umn chromatography over silica gel with ethyl acetate
as eluent. ['H NMR (90 MHz, CDCl3) 61.68 (s, 3H,
Me), 1.88 (s, 3H, Me), 1.97 (d, J=7 Hz, 3H, Me), 1.0-2.8
(m, 24H), 1.49 (s, 9H, t-Bu), 3.26-4.05 (m, 3H, CH-0)].

A photoresist (Formulation C) was prepared by mix-
ing 800 mg of Schenectady Chemicals HRJ-2606 novo-
lak resin, 200mg of t-butyl cholate, 50 mg of di(4-t-
butylphenyl)iodonium toluenesulfonate, and 4 ml of
1-methoxy-2-propyl acetate. A Second photoresist
(Formulation D) was prepared by combining 800 mg of
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Schenectady Chemicals HRJ-2606 novolak resin, 50 mg
of di(4-t-butyl-phenyl)iodonium toluenesulfonate, and 4
ml of 1-methoxy-2-propyl acetate. Once homogeneous,
both formulations were filtered and then spin-coated
onto silicon wafers which had previously been treated
with hexamethyldisilazane to promote adhesion. The
coated wafers were baked in a convection oven at 100°
C. for 25 minutes and imaged using a GE-H3T7 medium
pressure mercury arc lamp. Wafers coated with both
formulations were exposed for 15 sec at a distance of
approximately four inches. The wafers were then im-
mersed in a 1:4 mixture of AZ-351 Developer and wa-
ter, and the time for the films to just clear to the sub-
strate was determined. The wafers also were baked at
120 C. for 60 sec after the 15 sec exposure and prior to
development. Once again, the time to just clear in 1:4
AZ-351:water was measured. The table below shows
the results obtatned:

Postbake Formulation C Formulation D
yes 30 sec 4 min, 20 sec
no 15 min 1 min, 55 sec

The above data show that Formulation D develops
more slowly when a postbake 1s used. It also can be seen
that Formulation C requires a postbake to work. In
addition, as illustrated in Example 10, these data show
that the dissolution inhibitor of the present invention
protects the novolak during postbake with onium salt-
/novolak combinations.

Although the above results are directed to only a few
of the very many variables which can be utilized in the
practice of the present invention, 1t should be under-
stood that the present invention is directed to the use of
a much broader variety of polymers, inhibitor, and
initiators, in the description preceding these examples.

What is claimed and sought to be protected by Let-
ters Patent of the United States 1s as follows:

1. A method for making a patterned resist-substrate
composite that is photo patternable in the substantial
absence of moisture which comprises

(1) treating a substrate with a positive resist composi-

tion to produce a resist-substrate composite,

(2) baking the resist-substrate composite to a tempera-

ture in the range of from about 35° C. to 180° C,,

(3) irradiating the applied resist in a patterned man-

ner,

(4) heating the irradiated resist to a temperature 1n the

range of from about 35° C. to 185" C., and

(5) developing the irradiated resist to produce a pat-

terned resist-substrate composite, where the resist

composition comprises by weight

(A) 100 parts of organic solvent, and

(B) 5 to 85 parts of solids comprising by weight an

admixture of

(a) 100 parts of a water or aqueous base soluble
phenolic resin other than a resole resin,

(b) 5 to 100 parts of a simple compound having a
molecular weight of less than 1000 and selected
from the group consisting of tertiary butyl esters,
aryl tertiary butyl ethers and aryl tertiary butyl
carbonates that is a dissolution inhibitor for (a),
and which 1s insoluble in water or aqueous base,
and

(¢) an aryl onium salt which generates a strong acid
having a pKa of less than zero upon being irradi-
ated, in an amount effective to deblock com-
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pound (b) when heated, where (b) is substituted
with acid labile groups that can be deblocked by
being heated in the presence of a strong acid to
thereby render (b) soluble in water or aqueous
base and ineffective as a dissolution inhibitor for
(a).

2. The method of claim 1 where the dissolution inhib-
itor 1s selected from the group consisting of compounds
having trityl groups, compounds having benzyl groups,
compounds having benzhydryl groups, 1-trimethyl-
siloxy napthalene, bis(1-phenyl-1-methyl)terephthalate,
alpha-phenethyl 1-naphthoate, alpha-phenethyl 2-naph-
thoate, 3-cyclohexenyl benzoate, and 3,6-bis(benzoylox-
y)cyclohexene.
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3. The method of claim 1 where the resin 1s a novolak.

4. The method of claim 1 where the aryl onium salt is
selected from the group comprising diphenyliodonium
salt, diphenyl-4-thiophenoxyphenylsulfonium hexa-
fluoroantimonate and triphenylsulfonium hexafluoroan-
timonate and triphenylsulfonium hexafluoroantimonate.

5. The method of claim 1 where the resist composi-
tion further comprises a photosensitizer.

6. The method of claim 1 where the substrate is a
silicon wafer.

7. The method of claim 1 where the substrate is a
copper-clad laminate.

8. The method of claim 1 where the resist 1s irradiated

in the substantial absence of moisture.
- - - 4 X * *
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